A functional analysis of the yeast ubiquitin ligase Rsp5: the involvement of the ubiquitin-conjugating enzyme Ubc4 and poly-ubiquitination in ethanol-induced down-regulation of targeted proteins.
Rsp5 is an essential ubiquitin ligase in Saccharomyces cerevisiae. We have found that the Ala401Glu rsp5 mutant is hypersensitive to various stresses, suggesting that Rsp5 is a key enzyme for yeast cell growth under stress conditions. The ubiquitination and the subsequent degradation of stress-induced misfolded proteins are indispensable for cell survival under stress conditions. In this study, we analyzed the ubiquitin-conjugating enzyme Ubc4 and the poly-ubiquitination of targeted proteins involved in the function of Rsp5 under ethanol stress conditions. Ubc4 was found to be important in yeast cell growth and poly-ubiquitination of the bulk proteins in the presence of ethanol. The general amino acid permease Gap1 is poly-ubiquitinated via Lys63 and is down-regulated after the addition of ammonium ions through a process requiring Rsp5. We found that Gap1 was removed from the plasma membrane in the presence of ethanol in a Rsp5-dependent manner, and that the disappearance of Gap1 required Ubc4 and involved the lysine residues of ubiquitin. Our results also indicate that Lys6 of ubiquitin might inhibit the disappearance of Gap1. These results suggest that Rsp5 down-regulates the ethanol-induced misfolded forms of Gap1. In addition, it appears that the substrates of Rsp5 are appropriately poly-ubiquitinated via different lysine residues of ubiquitin under various growth conditions.